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A device for spatial, temporal and 
contrast resolul:ion measurement 
using a VDU screen 
F.W. UMBACH 
This paper describes a recently designed electronic eye-test device. It measures patial, temporal and contrast 
resolution by means of test pictures presented on a VDU screen. The subject responds using a keyboard. 
The tests are fully automatic and therefore easily applied in large scale test set-ups. 
Keywords : oph thalmology ; display devices (computers); ergonomics. 
The question of whether or not there are reversible and 
irreversible ffects of prolonged VDU reading which can be 
measured by ophthalmic tests has not yet been answered. 
Nevertheless occupational health specialists are often 
directed to screen future VDU users, and unions often put 
forward questions about these effects. 
For this reason a research project was instigated to investi- 
gate the effect of VDUs on visual fatigue and to develop an 
on-line screening method to be used for the testing of VDU 
workers 1,2 . 
For large scale testing it is advantageous to have investigation 
methods which are asily applied and do not need the inter- 
vention of specialists or even of test assistants. In order to 
create such measuring methods we have realized new 
ophthalmic tests as presentations on a VDU screen. These 
new tests will hypothetically fit the problem of visual 
fatigue better than do the classical means because they are 
more closely related to the neural part of the visual system. 
The eye test device described (patent applied for) differs 
from classical ophthalmic test instruments in that it is 
realized by means of a VDU. Some intrinsic properties of 
CRTs and of the Way in which pictures are generated on a 
VDU are used to realize the tests performed by this device. 
Due to its special nature, a number of opportunities arise 
with this test device. First, because in principle any VDU 
can be used for this test, the tests can be presented (as an 
interrupt procedure) on the VDU at which a person is 
working while he is performing his task. Second, because 
the tests act upon properties of the human visual system 
other than those used in classical ophthalmic tests, new 
forms of test procedure can be realized. Third, the tests are 
performed fully automatically. There is no need for a test 
assistant and the test data can be handled utomatically. 
The author is at the Department ofElectrical Engineering, 
Twente University of Technology, Postbox 217, 7500 AE Enschede, 
The Netherlands. 
TESTS 
In our tests the subject has to recognize characters on a 
background which, as in the Ishahara colour blindness tests, 
are distinguished from the background by a different pictorial 
construction. The intensity of the character increases step 
by step, so that the level of intensity at which the character 
is recognized can be used as a measure of the subjects visual 
ability. The characters are randomly chosen by the device 
from an alphabet. The complete system consists of a VDU, 
a keyboard and electronics (Fig. 1). The screen is divided in 
an upper part and a lower part. In the upper part the instruc- 
tions to the test subject are presented; the test picture forms 
the lower part. The subject responds using his keyboard by 
typing in the recognized character. The microprocessor- 
controlled evice compares the answer with the presented 
character. If the answer is correct, the test stops and  
second test starts. If the answer is not correct, the intensity 
of the character is further increased until a good answer is 
given. 
Fig. 1 VDU Apparatus used for eye tests 
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The results of each test can be handled by the device in 
several possible ways. They can be presented on the VDU 
after all test items have finished. They can also be stored on 
mini-cassette for later retrieval or they can be sent to a 
central computer. It is also possible to secure the results 
against illegal use by introducing a pass-word for output of 
the data. The device can test the following three visual 
qualities: contrast resolution : spatial resolution; and 
temporal resolution. 
Cont ras t  reso lu t ion  test  
The contrast resolution test is performed by giving those 
pixels (elementary picture elements) which belong to the 
character a brightness different from the brightness of the 
background, as shown in Fig. 2. The total brightness cale 
has 512 steps. Thus, if the background is given a brightness 
corresponding to 384, the character is given, in successive 
stages, brightnesses corresponding to 384 plus 1,2, 3 and so 
on. There is an option to increase the resolution by a factor 
of tour. The time that each step lasts is chosen such that 
normal response time of the subjects causes only small errors 
in the measurement. To make the test reproducible it is 
necessary (according to Weber's law; see Fig. 3) that there is 
a fixed relation between the level of the background bright- 
ness and the brightness differences. For Weber's taw to hoht 
the overall uminance should be higher than 10 cd m -2 . As 
TV screens have luminances ranging up to and beyond 
50 cd m -2 , this condition is satisfied. To correct for the 
phenomenon of lateral inhibition, a feature of the eye by 
which edges in the picture are over-accentuated, the edges 
of the test character are given a limited slew rate (Fig. 4). 
Spat ia l  reso lu t ion  test  
The usual way of measuring the threshold of spatial resolu- 
tion of the eye is to increase the number of lines in a 
picture until they can no longer be resolved as separate lines. 
The lines have a constant brightness difference from the 
background (Fig. 5). However, because there is a relation 
between brightness modulation depth and spatial resolution 
at threshold (Fig. 6) the measurement can be done in a 
different way. Instead of changing the number of lines, we 
can also increase, at a fixed number of lines, the brightness 
modulation. 
With the aid of a VDU, the last method is technically far 
more easily realized because the VDU picture is composed 
of horizontal lines. On a 300 mm screen we have, with no 
interlacing, about 15 lines per centimetre. With sufficient 
brightness for Weber's law to hold, the threshold brightness 
modulation then is about 1% (Fig. 3). The threshold level is 
measured by increasing the modulation depth from zero up 
until the character is recognized. The line spacing for the 
test character in the spatial resolution test is based upon 
two beam lines that are brighter, alternating with two beam 
lines that are darker, than the background. For a viewing 
distance ofO.7 m and a 380 mm screen this means a charac- 
ter line spacing of about 3 cycles per degree. This is at the 
top of the MTF curve (Fig. 6) for threshold etection. 
There is thus a minimal susceptibility for variations in view- 
ing distance. 
Tempora l  reso lu t ion  tes t  
Figure 7 shows the relation between the frequency of a 
flickering light source and the brightness modulation depth 
Fig. 2 lest picture of a character H. The brightness of the character 
increases step by step, with the intensity level at which tile charactm 
is recognized used as a measure. The character is4(1 mm high 
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Fig. 4 Video signal of a test character showing slew rate 
Fig. 5 Test picture of a character 7.The character ismade up from 
alternately bright and dim lines, whereas background lines are 
uniformly bright 
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Fig. 7 Curve of de Lange showing the relation between the frequency 
of a flickering light source and the brightness modulation depth 
needed to resolve the source as of varying intensity 4 
needed to resolve the source as non-steady (curve of de 
Lange). The frequency at which, even at 100% modulation, 
no flicker is recognized is called the critical flicker fusion 
frequency (CFF). The temporal resolution of the eye 
normally is measured by determining the CFF of a subject. 
Because of the fixed 50 Hz repetition rate of TV frames it 
is very difficult to do this kind of measurement by means 
of a VDU. A simple method however is to measure at some 
discrete points of the curve, namely at 25, 12.5 and 6.25 Hz 
because these are subharmonics of the frame repetition 
frequency. 
To make the display test character flicker at, for example, 
25 Hz, we let the brightness be high in one frame and low 
in the next frame. For flickering at 12.5 Hz we use two 
successive high brightness frames and two low brightness 
frames. For 6.25 Hz it is four and four. In this way we can 
measure some samples of the curve of de Lange. The 
measurement is made by increasing at one of the distinct 
frequencies, the brightness modulation from 0% on. A fur- 
ther refinement is the use of shaped curves to avoid errors 
caused by higher harmonic omponents in the 12.5 Hz and 
6.25 Hz high-low signals (Fig. 8). 
Test p rocedure  
By programming the internal microprocessor (in Basic) with 
the aid of a keyboard, a complete test can be arranged by 
composing a sequence of the described test elements. The 
standard way of storing the test results is to write them on 
a built-in mini-cassette. By command, the data on the 
cassette can be output, for instance to a printer. This out- 
put can be protected by introducing a pass-word. The 
cassette can, of course, also be read by another device, for 
instance a central facility for a number of remote test 
stations. 
Besides generating test pictures, the device can also generate 
tasks that can be used to create fatigue in test subjects. 
Figure 9 provides an example of such a picture. Only one of 
the generated numbers in it has a value greater than 600. 
The subject is asked to key in the name (here F3) of that 
number. 
EYE TEST DEVICE SPECIFICATION 
The following is a tentative specification f r an electronic 
eye test device. 
1. The device is contained in a VDU-like housing, 
the weight of which does not exceed 20 kg (Fig. 1). 
2. Power is supplied at 220 V, 50 Hz or 1 I0 V, 60 Hz. 
3. For the keyboard there are the options of a complete 
alphanumeric typewriter keyboard for skilled typing 
subjects, or a reduced keyboard with only 12 keys for 
unskilled subjects. In the latter case there are 11 keys 
for the test characters. 
A E F H 1 
4 and a start/stop key. 
K L N T 7 
Another set of characters might be chosen, for example : 
REH 
Bq 
4. The CRT is a high quality type (eg the Plessey 2737). 
5. The maximum luminance of the screen has to be 20 
cd m -2 or more (for Weber's law to hold). 
6. The background luminance level of the test character 
field is adjustable. The nominal value is 75% of maxi- 
mum luminance. 
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Fig. 8 Waveforms used for eye tests 
Fig. 9 Example of a task used tocreate fatigue 
7. The incremental steps in luminance of the test character 
have a value of about 1/250 of the background luminance 
(see Appendix). In the increased resolution mode 
these steps are decreased inmagnitude by a factor of four. 
8. The step duration is programmable to be 0.64 or 1.32 s. 
9. The test results are recorded on mini-cassette. The 
cassette loading is at the rear of  the housing. 
10. The read-out of the mini-cassettes is performed by a 
separate device. This device, if connected to a printer, 
gives a paper print-out of the results. 
11. The instructions to the subjects are displayed on the 
top of  the screen above the test character field. 
12. At the rear of the housing there is a switch 'test/task'. 
In the 'test' position the test is generated, in the 'task' 
position the standard task is generated. 
13. The test procedure. 
14. 
If the 'test/task' switch is in the 'task' position, a test 
is initiated by pressing the start key. Interrogated by 
the system the subject now gives his identification 
code, the date and the time of the day. A familiariza- 
tion run is then made in which all the test characters 
used are displayed at maximum contrast. 
Next a sequence of tests starts in the following order: 
Each of the five tests is presented three times. The first 
two times the tests are presented in a fixed random 
sequence. The third time the tests are presented in the 
following sequence: contrast resolution test; spatial 
resolution test;temporal resolution test (at 6.25 Hz, 
12.5 Hz and 25 Hz). 
The procedure now continues with the presentation 
of the standard task. After two hours of task working 
(480 task pictures) the test procedure as described 
above is repeated. After all the tests are completed the 
results are recorded on the mini-cassette ogether with 
the subject identification and test identification data 
and (if applicable) the number of errors in the task. 
The procedure can be terminated by pushing the stop 
key. The results obtained so far are then recorded. 
The task procedure. 
If the 'test/task' switch is in the 'task' position, the 
standard task is initiated by pressing the start key. The 
task picture is composed of 24 labelled numbers in six 
rows and four columns (Fig. 9). Only one of these 
numbers equals or exceeds the value 600. The subject 
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is asked to type in the label belonging to this specific 
number. The task is paced, and every 15 seconds anew 
picture is generated. The number of errors made by the 
subject in performimg this task is detected. Normally 
this task continues for two hours, but can be terminat- 
ed by pushing the stop key. 
Appendix 
Contrast magnitude of the steps 
If, for the CRT, 
L =k.U 7 
where L is the luminance and U the voltage of the intensity 
modulation grid, we have: 
U=Uo + AxU 
L =Lo +AI  
where Uo is the voltage belonging to the background lumi- 
nance level Lo. The contrast in luminance is: 
AL 
Lo 
As Lo = k. Uo 3' it follows that: 
= ¥ 
Lo Uo 
1 
I f7 = 2.2, Uo =0.75 Um and AU= U m where U m is 
7O0 
the voltage for maximum luminance, we get for one step a 
contrast of: 
AL 1 
Lo 250 
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